Abstract. Knowledge of potential tumor markers may improve chemotherapeutic efficacy. Interleukin-6 (IL-6) expression in local tumor tissues is associated with cancer progression and poor prognosis in variety of cancer types. The aim of the present study was to investigate the role and potential application of IL-6 in determining the prognosis of esophageal carcinoma. KYSE170 and TE13 esophageal cancer cell lines were used to conduct cell-and animal-based experiments investigating biological changes and tumor behavior. Immunohistochemical analysis revealed that 70-80% of cancer cells exhibited positive staining for IL-6, compared with <15% of non-malignant epithelial cells. These immunohistochemical results were consistent with the mRNA expression levels detetced. The IL-6 silencing vector significantly reduced invasion and proliferation of the two cell lines and attenuated tumor growth in xenograft mouse models (P<0.05). The IL-6 silencing vector markedly reduced the presence of Ki-67 (a typical proliferation marker) and microvessel density, indicating that downregulation of IL-6 levels may greatly affect tumor growth and inhibition. The IL-6 silencing vector increased E-cadherin and matrix metalloproteinase (MMP)-9 expression levels in the two esophageal carcinoma cell lines. This vector also regulated the release of IL-6 in cell supernatant and serum in KYSE170-and TE13-tumor-bearing mice. The secretion of vascular endothelial growth factor and cluster of differentiation 31 (a nuclear protein) immunoreactive molecules were also reduced by the IL-6 silencing vector. Therefore, IL-6 may be an important trigger in the progression of angiogenesis and endothelial tube formation within the tumor, and targeting IL-6 may be a promising strategy for the treatment of esophageal cancer.
Introduction
Esophageal cancer is a gastrointestinal cancer and one of the most fatal types of cancer worldwide, accounting for >300,000 mortalities annually, with a high prevalence in East Asian countries, including China (1, 2) . Despite advancements in technologies for the treatment of this cancer, the prognosis of esophageal cancer remains poor, with an extremely low overall 5-year survival rate (~20%) for esophageal squamous cell carcinoma (SCC) and a high mortality rate (3, 4) . Current treatment strategies include chemotherapy, radiation therapy and surgical removal of tumors; however, none of these strategies can improve the tumor progression profile in esophageal cancer. Therefore, identification of potential molecular markers that can effectively predict the response to treatment and the prognosis of esophageal cancer has attracted the attention of researchers (5) (6) (7) .
Generally, cancer is accompanied by a range of inflammatory reactions, which have been demonstrated to promote tumor proliferation, invasion and angiogenesis (8) (9) (10) . Various cytokines, including interleukin (IL)-6, IL-8 and tumor necrosis factor (TNF)-α, have been identified to be critical in the pathogenesis of numerous cancer types (11) . Specifically, the proinflammatory cytokine, IL-6, is one of the most dysregulated cytokines in cancer, with its overexpression detected in the majority of tumors (12, 13) . It has been reported that IL-6 is activated in a variety of cancer types, including breast, ovary and prostate cancer, and renal cell carcinoma, along multiple myelomas, leukemias and lymphomas. In addition, IL-6 plays a vital role in diverse physiological processes, including cell proliferation, migration, invasion, apoptosis, angiogenesis, growth and differentiation of cancer cells (14-16). Specifically, IL-6 may act to inhibit cell apoptosis and accelerate angiogenesis (in cancer), immune cell infiltration and stromal reaction, thereby aiding in the proliferation and differentiation of the tumor cells. By activating the JAK/STAT3 and PI3K/AKT signaling pathways, IL-6 may regulate the growth and spread of cancer in the body (12, 14) . In particular, IL-6 serum levels have been reported to be elevated in patients with esophageal carcinoma and were found to be associated with disease progression and prognosis (17) . Although emerging evidence suggests a crucial role of IL-6 in a number of malignancies, its role in esophageal carcinoma remains unclear.
The present study investigated the underlying mechanisms of IL-6 in esophageal cancer. The aim was to elucidate the functional mechanism and role of IL-6 downregulation in esophageal cancer, as well as the association of IL-6 expression with tumor growth. The esophageal cancer cell lines, KYSE170 and TE13, were selected for the in vitro and in vivo experiments. Various biological characterization techniques, including cell proliferation, cell invasion/migration, immunoblot, immunohistochemical and immunohistofluorescence analyses, were conducted.
Materials and methods
Cell culture and reagents. The human esophageal SCC cell lines, KYSE170 and TE13, were obtained from the MD Anderson Cancer Center (University of Texas, Houston, TX, USA). The IL-6-green fluorescent protein (GFP) silencing vector [human IL-6 small hairpin RNA (shRNA) constructs in retroviral GFP vector] and GFP-control vector (non-effective scrambled shRNA cassette in retroviral GFP vector) were purchased from Origene Technologies, Inc. (Rockville, MD, USA). Cells were cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum, 100 U/ml penicillin, and 100 µg/ml streptomycin (Invitrogen Life Technologies, Carlsbad, CA, USA). The cells were maintained in an incubator at 37˚C with an atmosphere of 5% CO 2 , and were regularly checked for mycoplasma or other bacterial infections.
The study was approved by the Institutional Ethics Committee of the General Hospital of PLA (Beijing, China).
Immunohistochemical (IHC) staining. The KYSE170 and TE13 tumor-bearing mice were developed. At 2 weeks after cell injection, the tumors were surgically removed. The 5-mm tumor sections were fixed in formalin, mounted on a slide and deparaffinized with xylene, followed by treatment with an ethanol series. Citric acid was used to retrieve antigen at 90˚C for 40 min, following which the cells were treated with 3% hydrogen peroxide. The slides were incubated with rabbit polyclonal Ki-67, matrix metalloproteinase (MMP)-9, vascular endothelial growth factor (VEGF), cluster of differentiation (CD) 31 and IL-6 (1:1,000 dilution) antibodies at 4˚C. Antibodies were obtained from Biocare Medical (Concord, CA, USA), Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA), Chemicon (Temecula, CA, USA), R&D Systems, Inc. (Minneapolis, MN, USA) and R&D Systems, Inc. The sections were washed three times with phosphate buffered saline (PBS) and incubated with a biotinylated secondary antibody for 10 min. Next, the sections were stained with peroxidase-avidin, washed with PBS and treated with 3-amino-9-ethylcarbazole solution, prior to counter-staining with hematoxylin (all from Sigma-Aldrich, Shanghai, China). The IHC data were analyzed using the Image Pro Plus version 6.3 software (Media Cybernetics, Inc., Rockville, MD, USA). Subsequently, CD31 staining was used to evaluate the microvascular density (MVD) at x100 magnification. Staining of the specimens was assessed using a semi-quantitative immunoreactive score (IRS), which was determined by calculating the staining intensity [0, no staining (<10%); 1, weak staining (11-50%); 2, moderate staining (51-80%); and 3, strong staining (≥81%)] based on the percentage of positively-stained cells. An IRS score of >2 was considered as positive staining.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) experiment. The mRNA expression level IL-6 was investigated by means of RT-qPCR. Following overnight incubation at 4˚C in 5% bovine serum albumin solution, total RNA from each sample was extracted using an RNeasy ® Plus Mini kit (Qiagen, Hilden, Germany), according to the manufacturer's instructions. Total RNA (2 µg) was reverse-transcribed using Super Script III (Invitrogen Life Technologies) and the following primers: Forward, 5'-TACATCCTCGACGGCATCTC-3' and reverse, 5'-GCTA-CATTTGCCGAAGAGCC-3' for IL-6. qPCR was performed with the 7900HT Real Time PCR System (Applied Biosystems, Carlsbad, CA, USA) using a Taqman ® assay for IL-6 (Hs99999032_m1) (Invitrogen Life Technologies). PCR was performed under the following conditions: Initial denaturation at 95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec, with a final extension step at 60˚C for 1 min. The GAPDH gene was used as the control.
Tumor xenograft model. All the animal protocols were approved by the Ethics Committee of the General Hospital of PLA (Beijing, China). Female athymic nude mice (weight, 20 g; age, 8 weeks; n=48) obtained from the Institutional Animal Center of the General Hospital of PLA were used as xenograft tumor implantation models. The mice were caged in ambient conditions of 24˚C with a relative humidity of 65% and an alternative 12-h light/dark cycle. In addition, the mice were provided with free access to food and water. KYSE170 or TE13 cells (1x10 6 ), transfected with IL-6 shRNA constructs were subcutaneously injected into the dorsal gluteal region. IL-6 expression was measured using a fluorescence microscope (FM200BA; AmScope, Irvine, CA, USA), as GFP expression vectors were used for the transfection. At 3 days after injection of the cells, the tumor volume was calculated, assuming an ellipsoidal shape. The effect of IL-6 expression on tumor growth was investigated by measuring tumor volume in vivo and constructing tumor growth curves. In the orthotopic tumor implantation model, intravesicular instillation of respective cancer cells was performed. The mice were sacrificed by CO 2 asphyxiation at predetermined times (3, 6, 9, 12, 15, 18, 21 and 24 days) and the level of orthotopic tumor invasion was measured using a Vernier caliper (Thermo Fisher Scientific, Inc., Waltham, MA, USA). In addition, the effect of IL-6 stimulation was evaluated in vivo. For the four experimental groups (KYSE170, KYSE170-IL6 silencing vector, TE13, TE13-IL6 silencing vector; 12 mice per group), an intraperitoneal injection of IL-6 (75 ng/mouse, 3 times/week) was initiated 1 day prior to tumor implantation.
Cell migration and cell invasion assay. Cell invasion assays monitor cell movement through extracellular matrices. The cells (5x10 5 /well) were seeded on a 96-well Boyden chamber. Cell invasion capacity was evaluated using a Cultrex ® Laminin I Cell Invasion Assay (Trevigen ® , Gaithersburg, MD, USA). The upper chambers were coated with a membrane extract derived from Engelbreth-Holm-Swarm tumor. Following a 24-h incubation, the cell number in the bottom chamber was determined by the fluorescent anion calcein released from intracellular calcein acetoxymethyl ester. Calcein acetomethylester (AM) is internalized by the cells and intracellular esterases cleave the AM moiety. Free Calcein fluoresces brightly and is used to quantitate the number of cells that have invaded in comparison to a standard curve. Thus, a SpectraMax Plus 384 microplate reader (Molecular Devices, LLC, Sunnyvale, CA, USA) was used to measure the fluorescence at 485 nm for excitation and 520 nm for emission. Images were captured using a confocal laser scanning microscope (TE2000-E; Nikon Corporation, Tokyo, Japan). To further assess cell migration, scratch assays were conducted to measure the number of cells traversing a porous membrane. KYSE170 and TE13 cells were cultured to ~80% confluence. Twenty four hours prior to the experiment, cells were resuspended at 1x10 6 cell/ml basal medium containing DMEM with 5% stripped serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA). To prevent proliferation, on day 0 cells were treated with 8 µg/ml mitomycin C (ICN Biomedicals, Costa Mesa, CA, USA) for 1 h, and washed with PBS. A pipette tip was used to draw a 2 mm-wide scratch across each cell layer and images were captured using a Carl Zeiss microscope (Axio Vert.A1; Carl Zeiss AG, Oberkochen, Germany) and a digital camera (DKC-500; Sony Corporation, Tokyo, Japan). Cells were then incubated for 24 h and images were recaptured in the same fields.
Western blotting. Cells were lysed by treating with CelLytic™ MT Cell Lysis Reagent (Sigma-Aldrich). An NE-PER™ kit (Pierce Biotechnology, Inc., Rockford, IL, USA) was used to isolate nuclear and cytoplasmic proteins. An equimolar quantity of protein was then subjected to SDS-PAGE, following which proteins were transferred onto nitrocellulose filters. The blots were blocked with 2% bovine serum albumin solution for 1 h and subsequently incubated overnight at 4˚C with polyclonal goat anti-mouse IL-6 (cat. no. sc-1265; Santa Cruz Biotechnology, Inc.), rabbit anti-mouse IL-6 receptor (IL-6R; cat. no. sc-660; Santa Cruz Biotechnology, Inc.), mouse anti-human VEGF (cat. no. MAB293; R&D Systems, Inc.), rat anti-mouse E-cadherin (cat. no. 748-EC; R&D Systems, Inc.), anti-human mouse STAT3 (cat. no. MAB1799; R&D Systems, Inc.) and polyclonal goat anti-human MMP-9 (cat. no. AF911; R&D Systems, Inc.) (1:1,200 dilution) antibodies. The membranes were further incubated with horseradish peroxidase-conjugated secondary rabbit anti-goat (cat. no. ab6741), rabbit anti-mouse (cat. no. ab6728) or goat anti-rabbit (cat. no. ab6721) IgG antibodies (dilution, 1:1,000-1:2,000; Abcam, Cambridge, MA, USA), for 1 h at room temperature. The film was developed using an X-ray processor and visually examined to determine the intensity of the protein band.
Immunofluorescence staining. Cells (5x10 6 ) were seeded onto a cover slip with and without respective treatments. After 24 h incubation, cells were fixed, permeabilizeda with 4% paraformaldehyde and washed with PBS containing Tween 80. The slides were then incubated with antibodies against E-cadherin, IL-6 and p-STAT3 for 1 h, followed by incubation with Texas Red-conjugated secondary antibody. The slides were counter stained with DAPI, washed and visualized using a Meiji Techno MT6000 Epi-Fluorescence microscope (The Microscope Store, LLC, Roanoke, VA, USA).
Enzyme-linked immunosorbent assay (ELISA) of IL-6 levels in vitro and in vivo.
IL-6 levels in KYSE170 and TE13 cell supernatant and serum samples from mice injected with cancer cells were analyzed using an IL-6 Quantikine ELISA kit (R&D Systems, Inc.). IL-6 levels in cell supernatants were measured by culturing the cells (5x10 5 ) with 1 ml serum-free media in 6-well plates and incubating for 24 h at 37˚C. Next, the media was centrifuged at 800 x g for 5 min and collected. Similarly, IL-6 levels in in vivo conditions were evaluated by removing or separating blood from the serum by centrifugation at 5000 x g for 15 min and performing an ELISA.
Statistical analysis. Student's t-test was employed to analyze the results. Data are presented as the mean ± standard error of the mean, and experiments were performed in triplicate. P<0.05 was considered to indicate a statistically significant difference, unless otherwise stated.
Results
Expression of IL-6 in esophageal SCC. Identifying the key molecules and mechanisms of esophageal cancer growth is essential. A novel therapeutic target that is able to affect cancer cell metastasis and proliferation will aid in improving the prognosis and suppressing the progression of the disease (18) . It has been previously reported that elevated levels of IL-6 in the blood 
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are associated with poor prognosis and disease progression. By activating JAK/STAT3 and PI3K/AKT signalling pathways, IL-6 is able to regulate the growth and spread of cancer in the body (17, 19, 20) . However, at present, little information is available regarding the role of IL-6 in esophageal cancer. KYSE170 and TE13 tumor models were developed by injecting the respective cell lines into xenograft mice. The tumor was removed and IHC analysis was performed on specimens of tumor tissue and the adjacent non-malignant epithelium (Fig. 1A) , along with quantification of IL-6 mRNA expression (Fig. 1B) . The IHC analysis demonstrated positive staining for IL-6 in specimens injected with the two cell lines. Specifically, 70-80% of cancer cells exhibited positive staining for IL-6, compared with <15% for non-malignant epithelial cells. RT-qPCR was performed to quantify the mRNA expression of these tissue specimens. Consistent with the IHC analysis, cancerous cells expressed significantly higher levels of IL-6 mRNA compared with normal epithelia (P=0.0021).
Effect of IL-6 expression on tumor growth. KYSE170 and TE13 cells were transfected with IL-6-GFP silencing vector to determine the role of IL-6 in the growth of esophageal carcinoma. As shown in Fig. 2A , the IL-6-GFP silencing vector markedly decreased the expression of IL-6 in the two cell lines, as demonstrated by a clear reduction in the intensity of red fluorescence (indicating IL-6 expression) compared with that of control-vector-transfected cells. This was accompanied by differences in the viable cell count over 8 days: The IL-6 silencing vector significantly reduced the proliferation of the two cell lines compared with the control-vector-transfected cells throughout the study period (P=0.0013; Fig. 2B ). In addition, the silencing vector significantly attenuated the growth of tumors in the xenograft mouse models (P=0.0031). The tumor volume in mice bearing KYSE170 and TE13 tumors increased significantly more rapidly (up to ~1,000 mm 3 ) (P=0.002), while the IL-6 vector was found to inhibit growth by ~300 mm 3 by controlling the vascular endothelial cells (Fig. 2C and D) . Furthermore, marked inhibition of tumor invasion was observed in the IL-6 silencing vector group in the two tumor models. Therefore, based on the cell and tumor growth analysis, it is hypothesized that IL-6 has a direct or indirect role in angiogenesis and esophageal cancer 
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IL-6 in tumor-associated endothelial cells. Since the tumor inhibition properties of the IL-6 silencing vector were demonstrated, the underlying mechanism of tumor suppression was the investigated by assessing tumor cell proliferation and MVD through immunohistochemical assay. The IL-6 silencing vector significantly reduced the expression of Ki-67, a typical proliferation marker, in the two esophageal cancer cell lines (Fig. 3A and B) . MVD was also significantly reduced in the vector-treated group compared with that of the non-silenced group (control endothelial cells) (P=0.0023) indicating that downregulation of IL-6 level may have a marked effect on the tumor growth and inhibition (Fig. 3C) . A low Ki-67 expression and MVD in tumor cells are positive signs towards the development of a therapeutic target based on IL-6. It has been previously reported that B-cell lymphoma-2 is upregulated in tumor-associated endothelial cells and that its regulation accelerates tumor growth (23) . Therefore, a better understanding of the biological mechanisms/therapeutic targets involved in the progression and development of respective cancers may aid in the improvement of pharmacological interventions.
IL-6 in tumor invasion and epithelial-mesenchymal transition (EMT)-associated changes.
Migration scratch assays clearly demonstrated the ability of the IL-6 silencing vector to inhibit the invasion capacity of the two esophageal cancer cell lines. As shown in Fig. 4A , the normal endothelial cells invade from both sides, whereas presence of the silencing vector effectively prevented this invasion. Fig. 4B shows the quantitative presentation of the aforementioned results. Furthermore, the EMT is a key process in invasiveness. As shown in Fig. 4C , the IL-6 silencing vector increased the expression of the E-cadherin in the two esophageal carcinoma cell lines. Similarly, it may be expected that MMP-9 levels decrease with E-cadherin levels (24) .
Additionally, an orthotopic tumor implantation technique was employed to evaluate the tumor invasive properties in vivo. For this purpose, 20 mice were selected and injected with esophageal cell lines intravesicularly. Subsequently, the tumors developed in each of the 4 groups (KYSE; KYSE+IL-6 vector; TE13; and TE13+IL-6 vector) were evaluated. As shown in Fig. 4D , compared with control endothelial groups (KYSE and TE13 cells), the IL-6 vector-treated group exhibited significantly reduced tumor invasion in vivo (P=0.016).
Effects of circulating IL-6 on angiogenesis. An ELISA was employed to quantify the IL-6 levels in the supernatant and serum of mice in the four treatment groups. As shown in Fig. 5 , the IL-6 silencing vector significantly regulated the release of IL-6 in the cell supernatant compared with that of controls in KYSE170 tumor-bearing mice (P=0.019). Similar results were observed in TE13 tumor-bearing mice. In the same line, the IL-6 silencing vector markedly controlled the release of IL-6 in the serum of the mice, which was collected 24 days after the implantation or injection of cancer cells. Furthermore, angiogenesis in tumors excised from the experimental animals was evaluated by staining for CD31 and VEGF, which are prominent members of the angiogenic pathways essential for tumor growth (25) , and are involved in the angiogenic pathways throughout tumor cell proliferation. Therefore, vascular networks in the tumors were stained for VEGF and CD31 (26) . The tumors were then surgically removed and immunohistochemically analyzed. The IL-6 silencing vector markedly reduced the secretion of VEGF and CD31 (a nuclear protein) compared with that of control tumors, which showed dark staining for these immunoreactive molecules (Fig. 6) . Therefore, IL-6 may be a major trigger for the progression of angiogenesis and endothelial tube formation within the tumor.
Discussion
The cytokine IL-6 is a key inflammatory molecule involved in the generation and proliferation of various types of cancer, including gastrointestinal and prostate cancer, and also functions as an autocrine growth factor (27) . Furthermore, IL-6 plays a crucial role as an antiapoptotic factor, such as in the IL-6/STAT3 pathway, which may lead to further inflammation and growth of cancer cells (28) . Recently, a number of studies have been published regarding the role of IL-6 in esophageal cancer. Cancer cells positively stained for IL-6 were likely to be in advanced stages of tumor development (29) . Therefore, in the present study, IL-6 expression or release was suppressed with IL-6 silencing vector in two types of esophageal cancer. IL-6 was demonstrated to be a major cue for angiogenesis, which in turn facilitates tumor growth.
The current results demonstrated that IL-6 was accumulated in markedly higher levels in esophageal cancer cells compared with the levels in the normal epithelium. By inhibiting IL-6, tumor growth was found to be significantly inhibited in vitro and in vivo. Silencing of IL-6 also resulted in the significant attenuation of tumor growth and invasive ability in specific cell lines (P<0.05). This is an important observation as the transformation of epithelial cells into mesenchymal cells depends on the invasive character of the tumor cells (30) .
A previous study has reported that STAT3 plays an important role in tumor progression and behavior and, thereby, EMT changes in the cells (31, 32) . In addition, it was demonstrated that IL-6 can activate the JAK/STAT3 signaling pathways and is actively involved in tumor proliferation and prognosis (33) . Furthermore, STAT3 activation was reported to be involved in the CIS progression pathway in esophageal cancer. Therefore, it can be expected that IL-6 plays a central role in the regulation of EMT changes and invasiveness.
The results also demonstrated a decreased level of IL-6 in the supernatant of cell culture medium, as well as in the serum collected from the tumor-bearing mice. Angiogenesis plays a vital role in tumor cell proliferation and progression (34) . The present study observed that CD31 and VEGF mediated endothelial cell-cell interactions and actively participated in angiogenesis. Furthermore, IL-6 was observed to play a crucial role in the in vivo tumor growth and tumor progression. These observations indicate that EMT-associated changes and angiogenesis are interrelated and involved in aggressive tumor growth in esophageal cancer. Further results suggested that IL-6 provides a suitable in vivo environment for the growth and development of tumor cells. Previous studies have reported that it may lead to resistance to certain anticancer drugs by promoting angiogenesis and cell mobility (35) . Mian et al (36) reported that inhibition of IL-8 markedly suppressed the expression levels of MMP-2 and MMP-9 in cancer cells, leading to a decrease in invasion and an increase in the progression of disease symptoms. Therefore, the in vivo biological and physiological mechanisms linking the various cytokines, including IL-6, IL-8 and TNF-α, are difficult to establish, and further mechanistic study is warranted in this regard. Overall, the experimental results of the present study indicate that IL-6 is a crucial element involved in tumor growth. Furthermore, IL-6 is a potentially significant biological marker and may represent a promising therapeutic target in the treatment of esophageal carcinomas.
In conclusion, the current study demonstrated that IL-6 is responsible for inflammatory cytokine production, tumor angiogenesis and tumor growth in esophageal cancer cell lines (KYSE170 and TE13), and these functions may be effectively countered by inhibiting IL-6 production using an IL-6 silencing vector. Based on these results, IL-6 may be used as a potential therapeutic target in the treatment of esophageal cancer. Future studies should focus on further investigating the inhibitory effect of anticancer drugs on the molecular mechanisms of IL-6.
